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Vane profile for axial-flow compressor

The object of the present invention is to reduce

pressure loss in an axial-flow compressor by suppressing
secondary flow on the suction surface (SS). To achieve
this, a vane for an axial-flow compressor is presented in
which a pressure surface (PS) generates positive pres-
sure and a suction surface generates negative pressure,
and both are located on one side of the chord line. Fur-
thermore the pressure surface includes a bulging portion
(CV) having a maximum curvature of 1.5 or more, be-
tween a chordal position of 70% and 95%, in a central
section of the vane’s span. This configuration increases
the flow velocity around the bulging portion (CV) of the

et

pressure surface to locally decrease the static pressure.
By flow continuity the flow velocity on the suction surface
that faces the pressure surface is decreased, and thus
locally the static pressure on the suction surface is in-
creased. As a result, the secondary flow, which would
flow from the pressure surface with positive pressure to
the suction surface with negative pressure from the hub
region, is suppressed as a result of the locally increased
static pressure on the suction surface. Therefore the
pressure loss, which would be caused by the secondary
flow, can be reduced.
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Description

[0001] The presentinvention relates to the profile of a
vane for an axial-flow compressor in which a pressure
surface generating a positive pressure and a suction sur-
face generating negative pressure are both located on
one side of the chord line.

[0002] Japanese Patent Application Laid-open No.
2001-165095 filed by the present applicant discloses the
profile of a stator vane for such an axial-flow compressor.
As shown in FIG. 6, the vane profile (hereinafter, referred
to as Comparative Example) disclosed in FIG. 3 of Jap-
anese Patent Application Laid-open No. 2001-165095
has a first bulging section (CV1) and a second bulging
section (CV2) at a position close to the leading edge (LE)
and a position on the trailing edge (TE) respectively, on
the pressure surface (PS), which generates positive
pressure. Separation is generated in the boundary layer
on the pressure surface (PS) by the first bulging section
(CV1), thereby weakening the generation of shock waves
on the suction surface (SS) to reduce wave drag. In ad-
dition, the boundary layer destabilized by the first bulging
section (CV1) is stabilized again by the second bulging
portion (CV2), thereby making it possible to minimize the
increase of friction drag caused by the boundary layer
separation on the pressure surface (PS).

[0003] Meanwhile, a multitude of stator vanes in an
axial-flow compressor are arranged radially to extend
from the central hub outward in a radial/spanwise direc-
tion. Since the pressure surface (PS) and suction surface
(SS) of two adjacent vanes face each other with only a
small separation between them, a secondary flow is gen-
erated, which flows along the hub wall from the pressure
surface (PS) of one stator vane to the adjacent suction
surface (SS). This secondary flow increases the pressure
loss of stator vanes. FIG. 8 shows the surface flowpath
of the working fluid on the suction surface side of the
vane denoted Comparative Example, from which it can
be seen that a large secondary flow directed outward in
the spanwise direction is generated from the hub region.
[0004] Although a small secondary flow directed in-
ward in the spanwise direction is also generated in the
tip region in addition to the previously described large
secondary flow in the hub region, it can be considered
that since the secondary flow at the tip is considerably
smaller than the secondary flow at the hub, the secondary
flow at the tip has only a small influence on the pressure
loss of the stator vanes.

[0005] To suppress the above-described large sec-
ondary flow directed outward in the span direction, gen-
erated in the hub region, it is only necessary to block the
secondary flow by locally increasing the static pressure
of the suction surface in a central section of the blade’s
span. In other words, since the pressure surface and the
suction surface of two circumferentially adjacent stator
vanes face each other, separated by only a small dis-
tance, it is only necessary to locally decrease the static
pressure on the pressure surface facing the suction sur-
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face in order to locally increase the static pressure on
the suction surface. This is because when the flow rate
of the fluid flowing through the inter-blade passage be-
tween the pressure surface and the suction surface has
a constant cross-sectional area, a decrease of the static
pressure together with an increase of the flow velocity
on the pressure surface side results in an increase of the
static pressure on the suction surface along with a de-
crease in the flow velocity. Since stator vanes forming a
cascade are arranged to be swept in the axial direction,
a rear portion of the pressure surface of each adjacent
two stator vanes is normal to a central portion of the ad-
jacent vane’s suction surface (SS) with only a small sep-
arating distance. For this reason, the flow velocity on the
rear portion of the pressure surface strongly influences
the flow velocity on the mid-chord section of the suction
surface.

[0006] As shown in FIG. 7, the profile of the Compar-
ative Example is such that the second bulging portion
(CV2) located close to the trailing edge (TE) of the pres-
sure surface (PS) has a curvature of only 0.2, thus it is
nearly flat. As a result, the flow velocity along the second
bulging portion (CV2) is kept near constant, so that the
static pressure is not significantly decreased, and thus
the static pressure on the suction surface facing the sec-
ond bulging portion (CV2) is not significantly increased.
As a result, it is difficult to effectively suppress the sec-
ondary flow on the suction surface (SS) to reduce the
pressure loss of the vane.

[0007] Note that the quantitative curvature data pre-
sented in the present specification is C/R, obtained by
non-dimensionalizing the radius of curvature R, with the
chord length of the vane, C.

[0008] The present invention has been made in light
of the above-described understanding, and the primary
object of the present invention is to reduce the pressure
loss of a vane for an axial-flow compressor by suppress-
ing secondary flow on its suction surface.

[0009] In order to achieve the aim, according to an in-
vention described in claim 1, a vane profile for an axial-
flow compressor is provided in which a pressure surface
(PS) generates positive pressure and a suction surface
(SS) generates negative pressure and both are located
on the same side of the chord line, with a central section
of the pressure surface (PS) in the spanwise direction
including a bulging portion having a maximum curvature
of 1.5 or more between a chord of 70% and a 95%.
[0010] According to the above-described configura-
tion, in the vane profile for an axial-flow compressor, the
pressure surface (PS) which generates a positive pres-
sure and the suction surface (SS) which generates neg-
ative pressure are both located on the same side of the
chord line. As the central section of the pressure surface
(PS) in the spanwise direction, includes the bulging por-
tion having the maximum curvature of 1.5 or more be-
tween 70% and 95% chord position, the vane profile in-
creases the flow velocity around the bulging portion of
the pressure surface (PS) to locally decrease the static
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pressure, thereby causing a reduction in the flow velocity
on the suction surface (SS) facing the pressure surface
(PS) to locally increase its static pressure. As a result,
the secondary flow, which would flow from the hub region
of the pressure surface (PS) with positive pressure to the
suction surface (SS) at negative pressure, is suppressed
as the static pressure is locally increased on the central
section in the spanwise direction of the suction surface
(SS), cutting the pressure gradient, and thus the pressure
loss caused by the secondary flow can be reduced.
[0011] According to the invention described in claim 2,
in addition to the configuration according to claim 1, the
profile of a vane for an axial-flow compressor is provided,
wherein the central section in the spanwise direction is
located between a spanwise position of 40% to 60%.
[0012] According to the above-described configura-
tion, the vane profile including the bulging portion on the
pressure surface (PS) having the maximum curvature of
1.5 or more between the 70% and 95% chord position is
employed in the region with a span between 40% and
60% of the vane. Accordingly, the pressure loss can be
significantly reduced by effectively suppressing the sec-
ondary flow directed outward radially on the suction sur-
face (SS).

[0013] The above and other aims, characteristics, and
advantages of the present invention will be clear from
the description of a preferred embodiment which will be
described in detail in conjunction with the accompanying
drawings.

[0014] Hereinafter, an embodiment of the present in-
vention will be described with reference to the accompa-
nying drawings.

FIGS. 1 to 5 show an embodiment of the present
invention. FIG. 1is a diagram showing the vane pro-
file of a stator vane for an axial-flow compressor.
FIG. 2 is a diagram showing the curvature distribu-
tion of the pressure (PS) and suction surfaces (SS)
of the vane profile. FIG. 3 is a diagram showing the
surface flow pattern on the suction surface (SS) of
the stator vane. FIG. 4 is a diagram showing flow
velocity distributions on the pressure surface (PS)
and the suction surface (SS) of the vane profile. FIG.
5 is a graph showing the reduction in pressure loss
by the embodiment.

FIGS. 6 to 9 realte to the Comparative Example. FIG.
6 is a diagram showing a vane profile for a stator
within an axial-flow compressor. FIG. 7 is a diagram
showing curvature distributions of the pressure (PS)
and suction surfaces (SS) of the vane profile. FIG.
8 is a diagram showing the surface flow on the suc-
tion surface (SS) of the stator vane. FIG. 9 is a dia-
gram showing the flow velocity distribution on the
pressure surface (PS) and the suction surface (SS)
of the vane profile.

[0015] The vane profile ofthe embodimentis employed
between a 40% and 60% spanwise position of a stator
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vane of an axial-flow compressor. FIG. 1 shows the vane
profile at a 50% span position, and FIG. 2 shows the
curvature distribution for the pressure surface (PS) and
suction surface (SS) of the vane profile. The vane profile
of the embodiment has the suction surface (SS) and the
pressure surface (PS) on one side of a chord line. The
curvature of the suction surface (SS) is predominantly
constant, approximately 1.0 from the leading edge (LE)
to approximately a 75% chord position, and is then grad-
ually increased to approximately 2.0 from around the
75% chord position to the trailing edge (TE). The curva-
ture of the pressure surface (PS) is gradually decreased
from approximately -1.0 to approximately -2.0 from the
leading edge (LE) to a point close to 50% chord position,
and is then gradually increased to reach the maximum
value of 1.5 at the 75% chord position, and is thereafter
gradually decreased to approximately 1.0 toward the
trailing edge (TE). The feature of the vane profile of the
embodiment is that the vane profile includes a bulging
portion (CV) having a maximum curvature of 1.5in arear
portion of the pressure surface (PS).

[0016] FIG. 4 shows flow velocity distributions on the
suction surface (SS) and the pressure surface (PS) of
the vane profile of the embodiment. The flow velocity
distribution on the suction surface (SS) is gradually de-
creases from the leading edge (LE) to the trailing edge
(TE) while the flow velocity distribution on the pressure
surface (PS) gradually decreases from the leading edge
(LE) to be @ minimum value near the 50% chord position,
then gradually increases to be a maximum value near
the 88% chord position, and thereafter gradually de-
creases toward the trailing edge (TE). The maximum val-
ue of the flow velocity near the 88% chord position is the
result of the bulging portion (CV) on the pressure surface
(PS). Between 75% chord, and 100% chord i.e the trailing
edge (TE), the flow velocity on the pressure surface (PS)
exceeds that of the suction surface (SS).

[0017] FIGS. 6 and 7 show a vane profile of Compar-
ative Example and curvature distributions for the pres-
sure surface (PS) and suction surface (SS) of this vane.
The vane profile of the Comparative Example includes a
first bulging portion (CV1) and a second bulging portion
(CV2) in afront portion and a rear portion of the pressure
surface (PS) respectively. The maximum curvature of the
first bulging portion (CV1) is approximately 1.0 while the
maximum curvature of the second bulging portion (CV2)
is approximately 0.2, which is very small.

[0018] FIG. 9 shows flow velocity distributions on the
suction surface (SS) and the pressure surface (PS) of
the Comparative Example vane. The flow velocity is ap-
proximately constant behind the 75% chord position cor-
responding to the second bulging portion (CV2) in the
pressure surface (PS). This is because the second bulg-
ing portion (CV2) has a maximum curvature of approxi-
mately 0.2 and is thus nearly flat.

[0019] FIGS. 3 and 8 show the surface flow on the suc-
tion surface (SS) of the vane of the embodiment and the
vane of the Comparative Example respectively. It can be
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seen that the area of the secondary flow from the hub
region (vane root) toward the tip (vane edge) on the suc-
tion surface (SS) is large in the Comparative Example
vane shown in FIG. 8 while the area of the secondary
flow is significantly reduced in the embodiment shown in
FIG. 3.

[0020] This is because the flow around adjacent stator
vanes arranged side by side in the peripheral direction
interferes with each other. Since the flow rate of the fluid
flowing between the vanes is constant, an increase of
the flow velocity on the pressure surface (PS) due to the
influence of the bulging portion (CV) decreases the flow
velocity on the suction surface (SS) facing the pressure
surface (PS), increasing the static pressure on the suc-
tion surface (SS). The vane profile of the embodiment is
employed between a 40% and 60% spanwise position
on the stator vane. For this reason, an increase of the
static pressure on the suction surface (SS) in the central
section spanwise blocks the secondary flow from the fac-
ing pressure surface (PS) toward the suction surface
(SS) from the hub region, resulting in a decrease in the
volume of the secondary flow.

[0021] By contrast, the vane profile of the Comparative
Example has little curvature on the second bulging por-
tion (CV2) on the pressure surface (PS), which does not
cause an increase of the flow velocity and thus does not
cause a decrease of the flow velocity on the opposite
suction surface (SS). For this reason, there is no expec-
tation of an increase of the static pressure on the suction
surface (SS). Therefore, the secondary flow generated
on the suction surface (SS) cannot be suppressed by an
increase of the static pressure, and as a result, the vol-
ume of the secondary flow is increased.

[0022] FIG. 5 shows distributions of pressure loss in
the spanwise direction of the vane profile of the embod-
iment and the vane profile of the Comparative Example.
The vane of the embodiment exhibits a higher pressure
loss in the hub region (in this case from the 0% to 12%
spanwise position) and in a part of the tip region (from
88% to 100% spanwise position) than the vane of the
Comparative Example, but exhibits lower pressure loss
in the other large region (between 12% and 88% span-
wise position) than the vane of the Comparative Exam-
ple. As a whole, the vane profile of the embodiment
achieves a large reduction in pressure loss.

[0023] Although an embodiment of the present inven-
tion has been described so far, various modifications in
design can be made to the present invention without de-
parting from the gist of the present invention.

[0024] For example, although the maximum curvature
of the bulging portion (CV) of the embodiment is 1.5, the
maximum curvature may be any value of 1.5 or more.
[0025] Moreover, the position of the maximum curva-
ture is not limited to the 75% chord position in the em-
bodiment, and may be any position between the 70%
chord position and the 95% chord position.

[0026] The object of the presentinvention is to reduce
pressure loss in an axial-flow compressor by suppressing
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secondary flow on the suction surface (SS). To achieve
this, a vane for an axial-flow compressor is presented in
which a pressure surface (PS) generates positive pres-
sure and a suction surface generates negative pressure,
and both are located on one side of the chord line. Fur-
thermore the pressure surface includes a bulging portion
(CV) having a maximum curvature of 1.5 or more, be-
tween a chordal position of 70% and 95%, in a central
section of the vane’s span. This configuration increases
the flow velocity around the bulging portion (CV) of the
pressure surface to locally decrease the static pressure.
By flow continuity the flow velocity on the suction surface
that faces the pressure surface is decreased, and thus
locally the static pressure on the suction surface is in-
creased. As a result, the secondary flow, which would
flow from the pressure surface with positive pressure to
the suction surface with negative pressure from the hub
region, is suppressed as a result of the locally increased
static pressure on the suction surface. Therefore the
pressure loss, which would be caused by the secondary
flow, can be reduced.

Claims

1. A vane profile for an axial-flow compressor in which
a pressure surface (PS) which generates positive
pressure and a suction surface (SS) which generates
negative pressure are both located on one side of a
chord line, wherein a central section in a spanwise
direction, of the pressure surface (PS) includes a
bulging portion (CV) having a maximum curvature
of 1.5 or more between a 70% and 95% chordal po-
sition.

2. The vane profile for an axial-flow compressor ac-
cording to claim 1, wherein the central section in the
spanwise direction is located between a 40% and
60% spanwise position.
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FIG.8 (COMPARATIVE EXAMPLE)
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